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Recent experiments on Raman scatering in self-
asembled Galn;_As disk-shaped quantum dots [1] and
in self-assembled INASGaAs quantum dots [2] have
demonstrated a rich structure of pedks provided by the
opticd-phonon-asdsted quantum transitions.

In the present work, we treat resonant Raman
scatering via the multiphonon exciton transitions in
cylindricd quantum dots, which are a model for self-
asembled quantum dots dudied experimentally in Ref.
[1]. Within our model, we take aparabolic confinement in
the lateral diredion and a redangular interfacebarrier
confinement in the aia diredion. Exciton states in a
guantum dot are determined by a variational method for a
wide range of the lateral-confinement frequency
parameter from the wedak-confinement regime to the
strong-confinement regime.

Opticd-phonon modes and the Hamiltonian of
the dedron-phonon interadion are onsidered within the
multimode dieledric model [3,4]. The model exploits
both eledrostatic and mechanicad boundary conditi ons for
the relative ionic displacement vedor, as well as the
phonon spatial dispersion in bulk, and explicitly takes into
acount the fad that the number of phonon degrees of
freedom in the quantum dat is finite. We show that the
confined phonon modes in a quantum dot are hybrids of
bulk-like and interfacevibrations.

We interpret the experiments [1, 2] taking into
acount the dfeds of non-adiabaticity, which have been
shown in Ref. [5] to pay a crucia role in the opticd
spedraof quantum dots. The interadion of an excitonin a
degenerate state with phonons results in the internal non-
adiabaticity (the proper Jahn-Teller effect), while the
existence of exciton levels eparated from each other by
an energy, which is comparable with the opticd phonon
energy, leads to the external non-adiabaticity (the so-
cdled pseudo-Jahn-Teller effect). We demonstrate that,
due to the non-adiabaticity of the exciton-phonon system
in quantum dots, different additional channels of the
phononrassisted opticd transitions open.

Oscill ator strengths of phonon modes in Raman
spedra ae investigated as a function of the confinement
frequency parameter. For hybrid phonon modes, confined
to a quantum dat, and for interface phonon modes, the
values of oscillator strengths increase with increasing the
confinement  frequency parameter (see Fig. 1).
Consequently, multiphonon pegks in Raman spedra can
be observable even in quantum dots with weakly polar
semiconductors. The cdculated values of the total
oscill ator strength are in agreement with those for recently
measured one- and two-phanon sidebands in Raman
spedra of self-assembled INAS/GaAs quantum dots [2].
The doresaid behavior of the oscill ator strengths as a

function of the confinement parameter is a manifestation
of the enhanced efficiency of the eedron-phonon
interadion in strongly confined systems. It is provided
(i) by increasing spatial separation between eledron and
hole charge densiti es with strengthening confinement due
to afinite interfacepatential barrier; (ii) by non-adiabatic
transitions. This enhancement has been shown recently
also in the theoreticd study of the photoluminescence
spedraof quantum dots[5, 6].
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Fig. 1. Oscillator strengths of several phonon
modes in a cylindricd GaAs/AlAs quantum dot
with the height h=5nm as a function of the
confinement frequency parameter Q. S, is the
oscill ator strength for the most long-wavelength
confined mode, §; and S, are those for GaAs-
like and AlAs-like interfacemodes. Sis the tota
oscill ator strength (the Huang-Rhys parameter).
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